Dental soldering procedures have been de- veloped in a rather empirical manner on the basis of soldering or brazing practices used in the jeweler's trade. Soldering may be defined as the joining of two pieces of metal or alloy by a solder,' usually a low-fusing alloy, which is capable of wetting2 the parent metal. The structure of the two parts should not be altered by temperatures employed. The procedure involves melting of the solder alloy and flowing of the molten solder by capillary action between and around the adjacent heated, but unfused, parts to be joined.3-5 Theoretically, there should be no fusion of the parts by the solder. 6 The purpose of this investigation was to examine and compare the ultrastructure of what has been assumed to be the "properly heated" soldered joint with that of the "overheated" joint. The Soldering Procedure.-Several plates of the parent gold casting alloys were cut in half, and rejoined by a hard, sticky wax. The assembled components were surrounded with soldering investment, with only the waxed joint being left exposed. After setting of the investment, the wax was removed with boiling water. The portion to be soldered was left exposed and free from investment to permit removal of the wax and to allow effective heating during the procedure.
The soldered joints were grouped according to the extent heated. Those joints in the first group were formed under "proper" heating conditions. The solder was melted by use of a gas blowpipe and was held in the molten stage for less than two seconds. In the second group, the parent metals and the solder were overheated by holding the oxyacetylene flame on the solder assembly for ten seconds after the solder was molten. All other factors involved remained the same.
Five samples of each group were made. Since the structure of all the samples within each group was consistent, it was decided (Fig 3, 4) .
Scratches shown in Figure 3 allov. This distinct demarcation confirmed the finding of previoLus investigations' that a solder joint could be obtained without diffusion between the solder and the parent alloy. A soldering pit can be seen in Figure   3 near the interface.
The -cold alloy along the border of the solder wias photographed at X 13,000. (Fig   4) . A three-sided grain structure formation was observed (Fig 5) . No diffusion was seen along the grain boundaries.
A structure of special geometric configur- FIG 6. Assumed oxide formation along interface (orig mag X27,000). Figure 6 (orig mag X93O000). Figures 6 and 7 . According to the theories of surface energy, this structure was not a solder pit, but rather an oxide formation at the gold-solder interface. Oxides are usually resistant to etchingz; the ultrastructure of these assumed oxides resembles that of the parent alloy (Fig 7) . Improper fluxing may have been the reason for this oxide formation. OVERHEATED GoiI SOLDERED JOINT.
Some diffusion along the grain boundaries was observed when overheating occurred (Fig 8) . No distinct interface of solder and parent alloy was seen. When Figure 8 is compared with Figure 5 , it can be seen that there is more microporosity in the overheated joint. A greater irregularity of the grains was also observed.
Discussion
An experimental study10 of the decomposition of gypsum investments showed that CaSO., will decompose when heated to 1,300C or above, and that the reduction of calcium sulfate by carbon takes place rapidly above 700C, releasing calcium sulfide and sulfur dioxide:
CaSO, + 4C CaS 4CO 3CaSO, + CaS -4CaO + 4SO2 These products contaminate the gold castings and make them brittle,9""' and may also cause microporosities (Fig 9) . In Figure Complete diffusion, which is indicated by the absence of interface, may take place between the parent alloy and the solder under extremely high temperatures (Fig 10) . From a theoretical point of view, diffusion by itself should not produce an inferior joint. ':'-' To achieve complete diffusion, however, extremely high temperatures should be employed. Unfortunately, tinder such circumstances, pitting of the joint, microporosity, and oxide formation appear to be unavoidable. These factors in turn will cause inferior physical properties of the soldered joint in terms of modern concepts of metIallulrgy.
Conclusions
No diffusion of the solder was observed in the properly heated soldered joint. PronoLunced diffusion, however, occurred in the overheated joint along the grain boundaries of the parent alloy.
There was oxide formation in both the properly heated and overheated joints. It was more pronounced, however, in the latter.
Properly used fluXes could prevent oxidation.
Greater microporosity, which may result in reduction of strength and ductility of the soldered joint, was observed in the overheated joints. M icroporosity is contraindicated in oral restorations since it may result in corrosion and discoloration in the mouth.
Theoretically, complete diffusion between the solder and the parent alloy should result in a superior metallurgical joint; however. 
